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SPECIFICATION 



1- Title of the Invention 

Polyamide Film for Packaging 



2. Claim 



Polyamide film for packaging containing 1.0-13.0 mol% of at least one 
type of metal halide. 

Brief Description of the Invention 

The present invention relates to metal halide-containing polyamide films 
with low gas permeability for use in packaging. 



Films foimed from polyamides such as poly(e-caprolactam), 
po y(hexamethyleneadipamide) and the like possess outstanding properties 
such as tensile strength, tenacity, heat resistance, and the like and 
moreover, they are widely used in food packaging and the like, due to their 
low gas permeability for oxygen and the like. However, greater reductions 

in oxygen permeability are needed to further extend the storage time for 
roods and the like. 

Heretofore, films produced by coating the surface of polyamide films 
with low oxygen-permeable polymers typified by polyvinylidene chloride 
and films produced by forming composite layers of a saponification product 
of an ethylene-vmyl acetate copolymer with low oxygen permeability on a 
polyamide, have been known means for dealing with the above-described 
needs, but such films have the drawback that when they are treated with a 
high-temperature sterilization process such as boiling, retorting, or high 
retorting, not only do the films whiten and swell, but also, the gas 
permeability of oxygen and the like increases. 




Furthermore, such films have the drawback that the productivity 
becomes quite poor due to the fact that operations such as coating and 
animating of different types of polymers are required in the manufacture 

nrnrpQQ ^ 



The object of the present invention is to eliminate said drawbacks of the 
prior art, by providing polyamide films with low gas permeability for 
oxygen, nitrogen, hydrogen, helium, argon, and the like, and specifically 
low gas permeability of J4 or less than that of the original polyamide film,’ 
without losing the useful properties possessed by polyamide films for 
packaging films, that is to say, heat resistance, tenacity, transparency 
pnntability, laminatabiiity, and the like. 



That is to say, in order to achieve said objective, the present invention 
possesses the following constitution, namely, that it is characterized in 

being a polyamide film for packaging containing 1.0-13.0 mol% of at least 
1 metal halide. 



• , O pre ?„ ent lnven,ion ’ if the a ™unt of metal halide in the polyamide 

is not 1.0 mol/, or more, and preferably 4.0 mol% or more, the effect of gas 
permeability reduction is not realized. Furthermore, if the amount of metal 
ha hde exceeds 13.0 mol%, the gas permeability rapidly increases If the 
polyamide contains 2 or more metal halides, the total metal halide content 
must be within the above-mentioned range. 



In the present invention, the metal halogens added to the polyamide refer 
to compounds formed from the following elements. 

That is to say, the metals refer to any elements selected from Group I A 

to Group VII A Group I B to Group IV B, and Group VIII of the Periodic 

I able, and the halogens refer to any elements selected from Group VII of 
the Periodic Table. 



Advantageous metal halides for use in the present invention possess the 
following properties: 

(l)At least 1 of the metals in the metal halide shall have a primary 
ionization potential of 1 0 eV or lower. 
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(2)If the metals forming the metal halide are only from Group I A the 
ionic crystal radius of at least 1 of the metals shall be 0.9 or less. 

Typical examples of metal halides used in the present invention are ojven 
below, but of course, the present invention is not limited thereto. 

(1) Magnesium chloride, magnesium bromide, magnesium iodide, 
calcium chloride, calcium bromide, and strontium chloride. 

(2) Lithium chloride, lithium bromide, and lithium iodide. 

(3) Cobalt chloride, copper chloride, zinc chloride, cobalt bromide 
zinc bromide, and nickel chloride. 

(4) Beryllium chloride, lanthanum chloride, cerium chloride, 
molybdenum chloride, and chromium chloride. 

(5) Copper bromide and manganese chloride. 

(6) Calcium lithium chloride, aluminum sodium chloride, and 
magnesium sodium chloride. 



It should be noted that when 2 or more types of metal halides are used 
any desired combination thereof may be selected. 

The polyamide used in the present invention can be an aliphatic 
polyamide such as Nylon-6, Nylon-66, Nylon-11, Nylon- 1 2, and the like 
and copolymers thereof, an aromatic polyamide such as 
po yhexamethyleneisophthalamide, polyhexamethylene (isophthalamide/ 
terephthalamide) copolymer, poly(m-xylyleneadipamide, poly(m- 
xylylene/p-xylylene)adipamide, and the like. Examples of particularly 
a vantageous polyamides include Nylon-6, Nylon-66, Nylon-6/66 
copolymer (within a copolymer weight ratio range of 95/5 and 80/20) 
po y examethyleneisophthalamide, poly(m-xylyleneadipamide), and the 
like. Of course, these can be used individually, or 2 or more components 
can be blended, for example, a blend of Nylon-6 and poly(m- 

xylyleneadipamide), so as to use a blend of an aliphatic polyamide and an 
aromatic polyamide. 
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The configuration of the film of the present invention can be an undrawn 
film, a monoaxially drawn film, or a biaxially drawn film, but a biaxiallv 
drawn film is particularly advantageous. It should be noted that the film of 
the present invention can be a film that is applied to another substrate. 

The process for producing the film of the present invention is described 
next, but the present invention is not necessarily limited thereto. 

The method for adding the metal halide to the polyamide can be to add 
the metal halide before polymerizing the polyamide, during polymerization 

or after polymerization, or to mix the metal halide with polyamide powder 
or pellets. K 



Furthermore, it is also possible to use a process whereby an undrawn 
monoaxially drawn, or biaxially drawn film of polyamide produced from 
polyamide powder or pellets is immersed in a solution of the metal halide, 
t should be noted that a variety of additives (e.g. talc, silica, calcium 
stearate, ethylenebis(stearylamide), and the like) can be added, as needed. 



Following is an example where Nylon-6 is used as the polyamide. A 
composition where only a specified quantity of metal halide is added to 
Nylon-6 and the composition is melt-extruded in sheet form at 260-300°C 
and after hardening this by cooling it to 30-80°C, an undrawn film is 
produced. Next, the undrawn film is heated to 50-140°C, and drawn 2 5- 
4.5-fold in the longitudinal direction at a drawing speed of 10 4 -10 6 
/o/minute. This monoaxially drawn film is heated to 60-140°C, and then 
drawn 3.0-5.0-fold in the transverse direction at a drawing speed of 1 x 10 5 

180 After , this ’ as needed > heat treatment is carried out at 

80-220 C for 0.5-10 seconds. Furthermore, in cases where a higher degree 

of film crystallinity is desired, the heat treatment time can be extended and 
wet-heat treatment can be implemented. The above discussion relates to 
cases where drawing is done in the longitudinal direction and in the 
transverse direction, but the sequence can be reversed, or lengthwise and 
transverse drawing can be carried out simultaneously. The resulting 
biaxially drawn film can of course be subjected to the publicly known 

corona isc arge treatment (in air, in nitrogen, in oxygen gas, and the like) 
or tlame treatment. ' 
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The constitution of the film of the present invention can be such that a 
single layer of polyamide film contains a metal halide, as recited above but 
the advantageous effects of the invention can be even better realized bv 
producing a composite laminate film provided with a polymer layer for 
composite lamination that does not contain the metal halide on both sides of 
the film of the present invention. In this case, the composite laminate film 
is produced by the composite lamination of a polymer for composite 
animation onto both sides of the film of the present invention which is 
undrawn or monoaxially drawn, and which can be subsequently drawn in 
the longitudinal direction and/or in the transverse direction, as needed. 
Furthermore, an anchor coat adhesive layer can be sandwiched in between 
as needed. In this case, advantageous polymers for composite lamination 
include Nylon-6, Nylon-66, Nylon-610, Nylon-612, Nylon-11, Nylon-P 
poly(Aw-xylyleneadipamide), and other polyamides, polyethylene’ 
polypropylene, and other polyolefins, “Admer” (Mitsui Petrochemical 
ndustries, Ltd.), “Surlyn” (Du Pont), “ Moldex” (Sumitomo Bakelite Co., 
Ltd.), and other modified polyolefins, but polyamides are most 

advantageous in light of productivity factors at the time of film fabrication 
such as film layer yield. 



Furthermore, from the standpoint of water resistance, oil resistance, 
retort resistance, and the like, it is desirable to use an aliphatic polyamide 
with a methylene group/amide group ratio (CH 2 /NHCO) of 5 or higher, and 
preferably 7 or higher in the repeating unit. Furthermore, the thickness of 
the two outer layers (layers not containing a metal halide) of the composite 
laminate film should be at least 1 p each, and preferably at least 3 p each 
from the standpoint of water resistance, oil resistance, retort resistance and 
the like. Furthermore, the thickness composition ratio of the composite 
animate film is the ratio of the layer (A) containing the metal halide and the 
layer (B) without the metal halide, and A/B is advantageously established as 
ollows, based on the type of polyamide containing the metal halide That 

18 *u Say ’ ^ the P ° lyamide of the >™er layer is an aliphatic polyamide 
such as Nylon-6, Nylon-66, and the like, the ratio A/B should be 1 or 

lgher and preferably 2.3 or higher, and when the polyamide is an 
amorphous aromatic polyamide such as hexamethylene isophthalamide, the 
ratio A/B should be 0.4 or higher, and preferably 1 or higher, and if the 
polyamide is an amorphous polyamide such as m-xylylene adipamide, A/B 
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